Allele-dependent changes of olivocerebellar circuit properties in the absence of the voltage-gated potassium channels Kv3.1 and Kv3.3.
Double-mutant mice (DKO) lacking the two voltage-gated K(+) channels Kv3.1 and Kv3.3 display a series of phenotypic alterations that include ataxia, myoclonus, tremor and alcohol hypersensitivity. The prominent cerebellar expression of mRNAs encoding Kv3.1 and Kv3.3 subunits raised the question as to whether altered electrical activity resulting from the lack of these K(+) channels might be related to the dramatic motor changes. We used the tremorogenic agent harmaline to probe mutant mice lacking different K(+) channel alleles for altered olivocerebellar circuit properties. Harmaline induced the characteristic 13-Hz tremor in wildtype mice (WT); however, no tremor was observed in DKO suggesting that the ensemble properties of the olivocerebellar circuitry are altered in the absence of Kv3.1 and Kv3.3 subunits. Harmaline induced tremor in Kv3.1-single mutants, but it was of smaller amplitude and at a lower frequency indicating the participation of Kv3.1 subunits in normal olivocerebellar system function. In contrast, harmaline tremor was virtually absent in Kv3.3-single mutants indicating an essential role for Kv3.3 subunits in tremor induction by harmaline. Immunohistochemical staining for Kv3.3 showed clear expression in the somata and proximal dendrites of Purkinje cells and in their axonal projections to the deep cerebellar nuclei (DCN). In DCN, both Kv3.1 and Kv3.3 subunits are expressed. Action potential duration is increased by approximately 100% in Purkinje cells from Kv3.3-single mutants compared to WT or Kv3.1-single mutants. We conclude that Kv3.3 channel subunits are essential for the olivocerebellar system to generate and sustain normal harmaline tremor whereas Kv3.1 subunits influence tremor amplitude and frequency.